Objective To elucidate the relationship between embryo grade and ART outcomes and determine how to decrease multiple pregnancy rates by assigning patients to single embryo transfer (SET) instead of dual embryo transfer (DET) according to embryo grade and/or availability. Design Retrospective medical record review. Setting IVF fertility center. Patients 247 women undergoing day5 DET after in vitro fertilization or intracytoplasmic sperm injection treatment. Methods We retrospectively investigated embryo grade and outcomes on day5 DET and calculated theoretical multiple pregnancy rates by assigning patients to SET instead of DET according to a combination of embryo grades and availability. Main Outcomes Measures Implantation, pregnancy, multiple pregnancy, expected pregnancy and expected multiple pregnancy rates. Results Embryo grade affects implantation rates so that embryo transfer of at least one embryo with grade≥3BB resulted in high multiple pregnancy rates as well as high pregnancy rates. By performing DET, the clinical pregnancy rate was 39.9% with a multiple pregnancy rate of 33.3%; however, had SET been performed with an embryo graded 3BB or better, theoretical calculated pregnancy rates would have dropped to 35.8% but with a multiple pregnancy rate of 7.2%. Conclusions Our model showed that cases having at least one embryo with grade≥3BB might serve as suitable candidates for SET.
Introduction
When embryos are cultured to cleavage-stage, more than one embryo has to be transferred to compensate for the low implantation rate of each embryo in order to achieve satisfactory pregnancy results. After the advent of the extended embryo culture technique, higher implantation rates have been reported because of better embryo selection compared to earlier developmental stages and because of better synchronization between embryo developmental stage and uterine environment. However, increases in implantation rates have also been accompanied by significant increases in multiple pregnancy rates. Multiple pregnancies pose unwanted morbidity risks to the mother and unborn child as well as creating additional financial costs related to prenatal and postpartum health care [1, 2] . If we could reduce multiple pregnancy rates while maintaining acceptable pregnancy rates on blastocyst transfer, we would be then able to reduce the overall multiple pregnancy rate. Multiple pregnancies are mainly a result of the transfer of more than one embryo, when the quality of the embryos is high. Gardner et al showed that dual blastocyst transfers do not significantly increase pregnancy rates but increased multiple pregnancies compared to single blastocyst transfers in selected cases [3] .
Thus, single embryo transfer (SET) has been the strategy used recently to curtail multiple pregnancies in several countries, especially in Europe where the cost of in vitro fertilization (IVF) treatments are covered or offset by government health agencies [4] [5] [6] . Although SET is an effective means to prevent multiple pregnancies, pregnancy rates from non-selective SET remain disappointing.
It is the aim of this study is to investigate whether embryo grade affects implantation rates, pregnancy rates and multiple pregnancy rates and to identify those embryos with high-implantation potential using DET and determine which grade embryo should then be considered as candidate for SET. Once we identify the embryos with high-implantation potential, we can then select and use them in SET procedures. Furthermore, embryos that fail to meet the selection criteria for SET can then still be used on DET cases. The second aim would then be to use this information to predict how we could decrease multiple pregnancy rates by assigning patients to either SET or DET according to a combination of embryo grades and availability.
Methods

Patients
This study was retrospectively conducted from routine clinical data compiled between January 2004 and December 2005 at the Advanced Fertility Center of Fuchu Nozomi, Osaka, Japan, from a total of 316 completed treatment cycles from 247 patients. As a matter of principle, patients who had more than five oocytes during the oocytes retrieval procedure were invited to have the embryos cultured to blastocyst stage for transfer. Patients were counseled at least on one occasion and they could eventually select cleavage or blastocyst-stage embryo transfer.
Ovarian stimulation and embryo culture
Patients were down regulated with luteinzing hormonereleasing hormone agonist and ovarian stimulation was started with human menopausal gonadotrophin (HMG) and urinary follicle stimulating hormone (uFSH) or recombinant follicle stimulating hormone (rFSH). Follicle growth was monitored by ultrasound and 6,000-10,000 IU of human chorionic gonadotropin (HCG) was administered when at least two follicles were≥18 mm in diameter. Oocyte retrieval was performed 35-37 h after HCG administration under ultrasound guidance. For the standard IVF fertilization, oocytes in groups of 3 to 4 were inseminated between 4 h and 6 h after retrieval with 1×10 5 motile sperm/ml in G-FERT media or IVF-30 (Vitrolife, Gothenburg, Sweden). For the intracytoplasmic sperm injection (ICSI) procedure, oocytes were injected with a single sperm between 4 h and 6 h after the retrieval. Mature oocytes were identified by the presence of the first polar body in the ICSI cycles after removal of the corona cells following exposure to hyaluronidase. These oocytes were then cultured in 1 ml G1.3 media for 1-3 oocytes (Vitrolife, Gothenburg, Sweden), after ICSI. The fertilization check was performed between 16 h and 18 h after insemination or ICSI. These zygotes were cultured individually in 25μl droplets of G1.3 media (Vitrolife, Gothenburg, Sweden) overlaid with 4 ml of oil in Falcon 3001 culture dishes (Becton Dickinson Labware, Franklin Lakes, NJ). All cultures were incubated at 37 in a 5% CO 2 atmosphere. On the morning of day3, groups of 3 to 5 embryos were transferred into 60μl droplets of G2.3 media (Vitrolife, Gothenburg, Sweden).
Embryo grading, dual embryo transfer
On the morning of day5, blastocysts were assigned a score using the grading system established by Gardner and Schoolcraft as described in Table 1 prior to DET [7] . By using this scoring system, two embryos were selected for the transfer. Embryos were then transferred into G2.3 media early in the afternoon. When an embryo developed to more than morula, an embryo transfer was performed. When only one embryo was available for transfer, compulsory SET was performed. When no embryo was available, embryo transfer was then cancelled.
Criteria assignment
We examined the relationship between embryo grade versus implantation rates, pregnancy rates and multiple pregnancy rates in DET cases. Cases were grouped according to ( Gardner et al, 1999) embryo grade (criteria I and II) and number of high-grade embryos available (group A, B and C) as summarized in Table 2 . Criteria I included those cases with embryos graded 3AA or better. These were further subdivided into three groups as follows: group A, having two blastocysts of≥3AA; group B, having one blastocyst of≥3AA; and group C, having no blastocysyt≥3AA. Criteria II consisted of cases with embryos graded 3BB or better. Similarly, cases were subdivided into: group A, having two blastocysts of≥3BB; group B, having one blastocyst of≥3BB; and group C, having no blastocysyt of≥3BB.
Outcome measures
Implantation rates were defined as the number of gestational sacs observed on ultrasound scanning divided by the number of embryos transferred. Pregnancy was determined by the detection of gestational sacs in the uterus. When multiple fetal heartbeats were observed within a single gestational sac, we defined it as monozygotic pregnancies.
Projected pregnancy rates and multiple pregnancy rates A theoretical mathematical model based on retrospective clinical data was developed to compare overall pregnancy rates and multiple pregnancy rates if SET was performed.
Based on a subset of patient data for SET cases performed at our clinic at about the same time period (2004-2006), we calculated projected pregnancy rates to demonstrate decreases in multiple pregnancy rates had we hypothetically performed SET instead of DET in these cases. Projected values were extrapolated by multiplying the actual pregnancy or multiple pregnancy rates from SET cases to the corresponding totals of DET cases. In order to compensate for multiple pregnancies from SET, which are monozygotic, we used the rate of monozygotic multiple pregnancy rate from this study.
Statistical analysis
Data were statistically analyzed using the χ 2 test and Student's t-test as appropriate and differences were considered to be significant at P<0.05. Power analysis was performed with a nominal alpha of 0.50 and power of % 80 was considered acceptable. All statistical analysis was carried out using SigmaStat 3.5 (Systat Software, Inc., San Jose, CA).
Results
There was a total of 316 treatment cycles (247 patients) with DET on day5. Patient's demographic and clinical characteristics are presented in Table 3 . Indications, method of fertilization, treatment cycle number and patient age were similar between each group in both criteria.
As shown in Fig. 1 There was no significant difference in implantation rates and pregnancy rates between groups A and B. However, significant differences were noted in implantation rates and pregnancy rates between groups A and C and groups B and C. Significant differences were also noted in multiple pregnancy rate among three groups.
In criteria II, implantation rates, pregnancy rates and multiple pregnancy rates for groups A, B and C, were 39.6% (80/202), 25 Table 3 ). Significant differences were found between groups A and B, group A and C and groups B and C in implantation rates. Moreover, significant differences were found between groups A and B, groups A and C and groups B and C in pregnancy rates. Significant differences were also found between groups A and B in multiple pregnancy rates, Additionally, significant difference in multiple pregnancy rates between groups B and C were not observed.
Projected pregnancy rates were extrapolated from a representative and separate subset of SET cases with a grade≥3AA (45 patients) and grade ≥ 3BB (86 patients)
Pregnancy and multiple pregnancy rates were analyzed using 2 different criteria: Tables 4 and 5 .
There was no significant difference in the overall projected pregnancy rate that would have resulted had SETs been performed between all groups containing at least one embryo graded 3BB or better (Table 5) . We used the monozygotic multiple pregnancy rate of 2.38% from 126 pregnancy cases from DET to predict the multiple pregnancy rate from SET. The same extrapolations were performed to predict multiple pregnancy rates as described in the previous paragraph ( Table 4 ). The actual multiple pregnancy rate was 33.3% for all DET cases. Interestingly, projected multiple pregnancy rates decreased significantly in groups A (25.4%), and A and B (14.7%) in criteria I; and groups A (16.1%), and A and B (7.2%) in criteria II (Table 5) .
Discussion
In efforts to reduce complications from multiple pregnancies, ASRM (American Society for Reproductive Medicine) and ESHRE (European Society of Human Reproduction and Embryology) guidelines recommend the number of embryos transferred to be no more than 2 for goodprognosis IVF patients [8] [9] [10] . As a result, many countries, especially in Europe, have restricted the number of embryos transferred to reduce complications from multiple pregnancies. For instance, United Kingdom has restricted the number of embryos transferred to two and a law introduced in Italy in 2004 forbids the fertilization of more than three oocytes in one fresh cycle for assisted reproduction [11, 12] . After Sweden started to regulate the number of embryos transferred for women younger than 35, delivery rates were maintained around 26% while the multiple birth rate decreased dramatically, from 35% to around 5% which would be acceptable for countries where governments cover their expense. In exchange for restricting the number of embryos transferred, the Belgian government introduced a new law that reimburses laboratory expenses for up to six IVF cycles for women up to the age of 42 years and although the SET rate increased from 14% to 49% and the over all pregnancy rate remained at 32.5%, multiple pregnancies decreased from 25.9% to 8.0% [4, 13] . To decrease the multiple pregnancy rate from ART, in 1996, the Japanese Society of Obstetrics and Gynecology began regulating the number of embryos transferred in each cycle to three; however, the multiple pregnancy rate from ART was still reported high (17.2%) in 2003.
With SETs being established as the primary course of action to reduce multiple pregnancies, the question of embryo selection becomes eminent in order to establish the highest pregnancy rates achievable. There have been numerous attempts to select high implantation potential embryos based on morphology at different stages. Scott et al reported that pronuclear embryo morphology was related to implantation and pronuclear embryos could be successfully selected for embryo transfer [14] . There certainly were relationships between pronuclear embryo morphology and implantation rates; however, implantation rates of topmorphology-pronuclear embryos was still 28%, which is lower than in other stage-selection, so in countries where extended culture is allowed, pronuclear embryo parameters are not usually used for embryo selection of SETs. Blastocyst transfer has been reported to have a higher success rate than cleavage embryo transfer; the rates of delivery of single blastocyst-stage transfer and single cleavage-stage embryo are 32% and 21.6%, respectively [15] . The implantation rate from a blastocyst (50%) was reported higher when compared to a cleavage stage embryo transfer (30.1%) [16] . Mainly two reasons have been considered; first, the human cleavage stage embryo normally resides in the oviduct and does not enter the uterus until after compaction, so there is the hypothesis that for this reason, the transfer of cleavage stage contributes to lower pregnancy rate than blastocysts [17] . Secondly, more viable embryos can be naturally selected by extended culture. Based on our clinic data, DET on blastocyst stage resulted in higher pregnancy rates (39.9%) and higher multiple pregnancy rates (33.3%) compared to DET based on cleavage stage pregnancy rates (24.8%) and higher multiple pregnancy rates (20%) (data not shown) as similarly reported by others [15] . Gardner reported that the transfer of a single blastocyst in good prognosis cases resulted in an ongoing pregnancy rate of 60.9% with no twins. In contrast, the transfer of two blastocysts resulted in an implantation rate of 56%, an ongoing pregnancy rate of 76% with a 47.4% incidence of twins [3] . Fig. 1 Implantation rates, pregnancy rates and multiple pregnancy rates of DET for selection criteria I and II. As described in the text, criteria I consists of cases classifying embryos scoring greater than 3AA as high-grade, whereas criteria II includes embryos greater than 3BB as high-grade embryos. Groups A, B and C had either two, one and no high-grade embryos, respectively. Statistically significant differences at * p<0.05 #1 Pregnancy rates were adjusted according the pregnancy rates of SET in our clinic at about same period:
SET pregnancy rate (grade≥3AA); 46.7% (selective SET 88%, compulsory SET 12%)
SET pregnancy rate (grade≥3BB); 41.9% (selective SET 75%, compulsory SET 25%) #2 Multiple pregnancy rates were adjusted according the monozygotic twin rate of this study (2.38%) Grade≥3AA embryos are considered as the best candidates for SET; however, cases with at least one embryo with grade ≥ 3AA are not frequent [18] . In fact, in our study, 27% of DET cases had an embryo graded greater than 3AA and only 7.6% had two embryos graded 3AA or higher. Therefore, it is impossible to reduce the overall multiple pregnancy rate for SETs without increasing the selection of candidate embryos. We confirmed that grade≥3AA embryos provide the highest clinical pregnancy rates; we also demonstrated that grade≥3BB embryos could provide adequate clinical pregnancy results as well in cases when higher-grade embryos are not available. Thus, we can assume that if we use at least grade a 3BB embryo in SETs, we can significantly contribute to a lower multiple pregnancy rate.
Because this is a retrospective study, we calculated theoretical values from this study group based on data gathered from an actual subset of SET cases. By performing DET, the clinical pregnancy rate was 39.9% with a multiple pregnancy rate of 33.3%. However, if SET had been performed with at least one 3BB grade embryo, the pregnancy rate would have dropped to 35.8% but with a pregnancy rate of 7.2%
We extrapolated our pregnancy rate values from SET of embryos with grade≥3AA (46.6%) in which 40 cases were elective SET with extra embryo to transfer and 5 cases that were compulsory with no extra embryo to transfer. Additionally, we use our pregnancy rate for SET from embryos with grade ≥ 3BB (41.9%) in which 80 cases were elective SET with extra embryo to transfer and 15 compulsory cases with no extra embryo to transfer.
An increased incidence of monozygotic twinning has been reported in pregnancies conceived after ovarian induction, IVF/ICSI procedure, especially in blastocyst transfer(s) [19] [20] [21] [22] [23] . We projected multiple pregnancy rates from the results of blastocyst stage transfers in our clinic from this study that included 3 cases of monozygotic twinning in 126 pregnancies (2.38%). In comparison, incidence of monozygotic twinning from blastocyst-stage embryos has been reported from 1-5%; "1. Other predictive factors leading to multiple pregnancies may exist and need further investigation, for instance, the number of attempts, other stage morphology and female age. In general, young females with or without failed previous IVF/ICSI treatment are considered as good candidates for SET. Thus, selective single blastocyst transfer is preferred for females<38 years of age [24] . However, Veleva et al. reported successful elective SET in older women (aged 36-39 years) [25] . Furthermore Schmit et al reported that quality and number of embryos to transfer but not number of previous failed cycles were important in determining outcome in cases of women aged 35 to 37 [26] . Due to a growing population of older women in ART and the high maternal risk associated, SETs for these older women, including those over 40 years of age, have to be investigated further. In addition, we can assume that multiple parameters on different stages embryo development influence in some degree the implantation of the embryo transfer and subsequent pregnancy success. At present, we consider that blastocyst-stage selection is the most practical approach for the selection of highimplantation embryos for SET. In fact, in 2004 and 2005, the SET rate in our clinic was only 28.6% (213/744 cases). However, after this study, we began to perform SETs to cases with only one blastocyst as well as cases with an extra embryo to transfer and the SET rate has increased to 56.1% (288/406 cases) in 2007.
Conclusion
In this study, we have observed that blastocyst grade affects implantation, pregnancy and multiple pregnancy rates in day5 DET. Furthermore, we confirmed that transferring at least one high-grade embryo leads to extremely high multiple pregnancy rates as well as high pregnancy rates in DET. More importantly, our model suggests that if we use embryos graded 3BB or better for SET, we may significantly reduce multiple pregnancy rates without significantly decreasing pregnancy rates. The data is based on a retrospective study using a theoretical model; therefore, prospective analysis needs to be carried out further to implement these findings.
